The severe constraints imposed on the parameter space of the minimal split supersymmetry model by the infrared fixed point solution of the top Yukawa coupling Y t are studied in detail in terms of the value of the top quark mass measured at the Tevatron together with the lower bound on the lightest Higgs mass established by LEP. The dependence of the higgsino mass parameter µ, the gaugino coupling strengthsg u,d ,g ′ u,d and of the Higgs quartic self coupling λ on the value of Y t in the vicinity of the Landau pole is discussed. A few interesting features emerge, though the model is found to be disfavored within the infrared fixed point scenario because of the need to have several unnatural cancellations at work on account of the requirement of a low upper bound on tan β.
I. INTRODUCTION
The naturalness criterion has been one of the guiding principles in the formulation of the 16 GeV as well as a stable LSP in the desirable mass range. This is the scenario of split supersymmetry, as named in Ref. [2] .
Various theoretical and phenomenological aspects, characteristic of the above scenario, have been discussed in several recent works [3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32] . One can identify a minimal split supersymmetry model described by six specific parameters : (1) a common mass m for the heavy scalars, (2) tan β, where the angle β defines the combination of neutral SU(2) Ldoublet Higgs fields which remains light, (3) the higgsino mass parameter µ(M GU T ) at the GUT scale, (4) the gluino mass mg, (5) the grand unification scale M GUT , and (6) the unified value of the gauge coupling strength α G at M GUT . However, the last two are more or less fixed by the requirement of consistency with measurements of the three gauge coupling strengths at laboratory energies. It is thus convenient to discuss different phenomenological constraints in the space of the first four parameters. It has been already realized [2] that certain special constraints would ensue (on the parameter space of the minimal split SUSY model, in particular) on account of the Landau pole [33, 34] in the top quark Yukawa coupling Y t and the LEP lower bound on the mass of the Standard Model Higgs. However, a careful quantitative study of those, including the interrelation between the last mentioned two aspects, has been lacking and that is the aim of the present work.
We broadly embrace the philosophy of Refs. [2] and [5] in this paper. Our gluino and electroweak gaugino as well as higgsinos are envisioned to lie in the range of hundreds of GeV whereas m is taken to be much above 10 TeV and most likely around 10 9 GeV. Indeed we vary m all the way upto 10 13 GeV beyond which scale one might encounter anomalously heavy isotopes [2] . We follow the RGE equations set up in Ref. [2] and numerically study the parameters of the minimal split SUSY model as m is varied with Y t kept at its fixed point value or in its vicinity. Since the higgsino mass parameter µ(M Z ) and the gaugino couplings are sensitive to values of Y t in this region, we study them as functions of the top mass m t with m fixed. In Section II we first review the physics of the infrared fixed point of Y t in MSSM and then extend the discussion to split supersymmetry. In Section III we consider the implications of this scenario for the Higss mass M h , the higgsino mass parameter µ as well as the gaugino coupling strengths. Section IV contains our conclusion and the RGEs are relegated to the Appendix.
II. INFRARED FIXED POINT OF Y t
Let us first review the fixed point behaviour [33] of the top Yukawa coupling in MSSM.
In the low to moderate tan β region, the effects of the bottom and tau Yukawa coupling strengths can be ignored. With this approximation and, given gauge coupling unification at M GUT , one obtains a simple analytic relation [34, 35, 36, 37, 38, 39 ] at the one-loop level :
In Eqn.
(1), t = 2 ln(M GU T /Q), Y t = λ 2 t /(4π) 2 , λ t is the top Yukawa coupling strength in the Lagrangian, Q is the running scale variable, E and F are functions of the gauge couplings:
The parameters
are the coefficients of the one-loop gauge β-function and α G = α i (0) with the normalization 
The situation is somewhat different in split supersymmetry. 
The evolution of λ t at scales greater than m is given at the one-loop level by Eqn. 
v being ≈ 246 GeV and
In our numerical calculations we have also taken into consideration the effects of bottom and tau Yukawa couplings.
In split supersymmetry tan β enters as an input parameter into the top mass via Eqn.(4).
The experimental upper (lower) limit on the top mass then translates to an upper (lower)
limit on tan β. This feature is demonstrated in Fig. 1 for three values of m, namely 10 4 GeV, 10 9 GeV and 10 11 GeV. We have calculated the results numerically upto tan β = 40
1 Non-universal scalar masses in the split supersymmetry scenario have been considered [40] . 
in combination with its infrared fixed point value, puts bounds on tan β defined at the scale m. An interesting new feature, different from what happens in the MSSM, is that tan β can now be lower than unity for large values of m. However, the most important point is that the fixed point value of the top mass is now consistent with only a thin sliver of an allowed region in the tan β − m plane, as shown in Fig.2 . On the other hand, if we do not stick to the fixed point scenario, this severe restriction weakens considerably though a lower bound on tan β continues to exist and is correlated to the lower limit on M pole t .
The value of tan β in models of split supersymmetry depends upon [1, 30] what one assumes for the strength of the B-parameter, but it is generally difficult to keep tan β small.
If |B| is of the order of the EW symmetry breaking scale m EW then tan β ∼ m 2 /m 2 EW > 100 for m/m EW > 10, violating the upper bound < ∼ 100 on tan β coming from the need to keep the bottom Yukawa coupling strength perturbative, i.e. < ∼ O(1). On the other hand, in usual gravity-, gauge-or anomaly-mediated supersymmetry breaking, it is possible to have |B| of the order of m. In this case, one has tan β ∼ m/m EW which allows somewhat larger splitting in the spectrum while keeping the value of tan β within the above-mentioned upper limit. However, it is still not sufficient to ensure that tan β remains within the allowed region of Fig. 2 . We have just seen that in the infrared fixed point scenario in split supersymmetry the upper bound on tan β (as a function of m) is very strong (tan β < ∼ 1 for large values of m). Thus, combining this observation with the above argument one can perhaps conclude that the infrared fixed point scenario is strongly disfavored in split supersymmetry in the context of gravity-, gauge-or anomaly-mediated supersymmetry breaking (with |B| ∼ m or in the case when |B| ∼ m EW ). In other words, if tan β is experimentally measured to be < ∼ 1 with a sparticle spectrum that contains physical charginos and neutralinos but with the scalars (except for one light Higgs) being out of the LHC energy reach, the infrared fixed point scenario can probably be retained but either at the cost of several unnatural cancellations having to work together [30] or having a direct mediation mechanism with D-term supersymmetry breaking (|B| ≫ m and 2 |µ| ≪ m) which introduces additional heavy matter fields or a new scale in the theory [5, 29] .
III. IMPLICATIONS OF FIXED POINT FOR OTHER MASSES AND COU-PLINGS
Let us now study how the light Higgs mass M h changes with tan β when the top mass is at its fixed point value. As in the Standard Model, M h in split supersymmetry can be written as
where λ is the strength of the quartic self-coupling of h, and v is as in Eqn. (5) . The matching condition for the coupling λ at the scale m is
where g and g ′ are the respective SU(2) L and U(1) Y coupling strengths with α 1 = 5g ′2 /(12π). It is also interesting to note how the quartic coupling λ(M Z ) changes with the top mass near the fixed point value. In Fig. 3 we have shown this variation for a fixed tan β and m and for two values of the common gaugino mass M 1/2 . In both the cases the fixed point value of the top mass is within the 1σ limit given in Eqn. 6. We can see from this figure that
λ(M Z ) shows some variation with the top mass near the fixed point. Accurate knowledge of chargino and neutralino masses (which will determine M 1/2 ) and of the top mass will enable one to obtain a precise value of λ(M Z ) and then one can calculate the value of λ( m) using the split susy RGE and verify the prediction given in Eqn.8. This figure is plotted for a fixed value of µ(M GU T ) = -800 GeV but we have checked that the variation of λ(M Z ) with M t does not have any significant dependence on µ(M GU T ) by varying the latter between -800
GeV and +800 GeV 3 .
3 In split supersymmetry, the neutralino and chargino masses (and hence |µ(M Z )|) cannot be much higher than O(TeV). The latter requirement, together with the extremely small region of tan β, i.e. 0.5 < tan β < 1.3 (cf. Fig.2) , allowed in the infrared fixed point scenario, means that here a |µ(M GUT )|, much larger than O(TeV), is disallowed since it will not be able to run down to an acceptable value of |µ(M Z )|. The decrease is due to the fact that the effective particle content in split supersymmetry is smaller than in the MSSM; thus as m becomes larger, the running with split SUSY RG equations becomes longer and the coupling constants meet at a smaller scale with a smaller unified value. This feature has also been noticed in Ref. [2] . The values of α 2 and α 1 at the electroweak scale are ∼ 0.0335 and 0.0168, respectively. An important point is that M GU T , decreasing with m, poses no threat to the longevity of the proton here since, as pointed out in Ref. [2] , dimension five and six operators -relevant to proton decay -continue to remain suppressed. We have also considered the variation of the QCD coupling α s (M Z ) with m with a result not very different from that of Ref. [2] .
Consider now how other parameters, such as µ(M Z ) and gaugino coupling strengths vary with M t in the neighborhood of the fixed point value. Another important split SUSY prediction is the inequality of the gauge and gaugino coupling strengths below the scale m. This effect is large on account of the ultraheaviness of the sfermions and can be detected in collider experiments involving gaugino production.
The part of the Lagrangian, containing the gaugino couplings, can be written in the notation
HereH u,d are the 'up,down type' higgsino fields,W andB are the Wino and the Bino respectively, h is the Higgs field and ǫ = iσ 2 . The boundary conditions of the gaugino couplings at m are as follows :
These couplings are then evolved to the electroweak scale using the renormalization group equations given in the Appendix. It is interesting to see the behaviour of these couplings near the infrared fixed point of the top mass. Following Ref. [7] , one can define 'anomalous'
by the following equations,
The behaviour of these anomalous gaugino couplings near the infrared fixed point top mass is shown in Fig.7 . Measurements of gaugino couplingsg and gauge couplings g lead to the determination of m, if tan β is known: according to Eqs. (10) and (11), the couplings κ u,d
and κ ′ u,d vanish at the scale m.
IV. CONCLUSION
In this paper we have studied the infra-red fixed point behaviour of the top Yukawa coupling and its associated phenomenology in split supersymmetry. In the fixed point scenario we find that only a thin band of the tan β − m plane is allowed. This is a combined ef- 
APPENDIX
In this appendix we have written down the renormalization group equations for split supersymmetry which are taken from Ref. [2] but with the notations we have used in our numerical calculations.
Evolution between M GUT and m
The 2-loop renormalization group equations for the gauge couplings are given by
where t = 2 ln
and Q is the renormalization scale.
We have used the GUT normalization condition g 
The equations for the Yukawa couplings at the one loop level are given by
At the one loop level the equations for the gaugino masses and µ are given by
Evolution between m and max (m t , Mχ0
Now,
where 
The gaugino mass equations are (including next-to-leading order corrections) 16) where cg = 38/3 in MS and cg = 10 in DR.
The renormalization group equation for the µ parameter below the scale m is given by dµ dt = 9 4
The equations for the gaugino couplings are given by 
(A.26)
